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Th i s  r e p o r t  t a k e s  t h e  f n r m  nf a m n n t h  by m o n t h  h i s t o r i c a l  r e v i e w  of 
a c t i v i t y  d u r i n g  the  p e r f o r m a n c e  of the c o n t r a c t .  

J u n e  1965 

R e c e i v e d  the  c o n t r a c t  o n  J u n e  10th. P l ann ing  f o r  t h e  p r o j e c t  had  been  
p r o g r e s s i n g  f o r  a few w e e k s  p r i o r  to  t h i s  da t e .  
o r d e r e d  f r o m  Ling  on J u n e  15th so that i t  would be on hand when  t h e  s h a k e r  
r e d e s i g n  was  r e a d y .  

T h e  s h a k e r  s y s t e m  w a s  

D e s i g n  w o r k  in  J u n e  c o n s i s t v d  of: 

a. Layout  of t h e  s h a k e r  modi f ica t ion  and  s o m e  d e t a i l  d r a w i n g .  T h e  
d e s i g n  w a s  o p t i m i z e d  t o  inc lude  two oil  h y d r o s t a t i c  b e a r i n g s  a n d  a g a s  
c o m p e n s a t i o n  c y l i n d e r  wi th  m i n i m u m  i n c r e a s e  in  a r m a t u r e  weight  a n d  wi th  
m i n i m u m  l o s s  of i r o n  in  t h e  m a g n e t i c  pa th .  

b. S e l e c t i o n  of t h e  s h a k e r  a m p l i f i e r  a n d  a c c e s s o r i e s ,  f i e ld  unit  a n d  
h e a t  e x c h a n g e r  unit .  

c .  Layou t  a n d  s t r e s s  ca l cu la t ion  of t h e  e n v i r o n m e n t a l  c h a m b e r .  

d. Des ign  of t h e  s h a k e r  s u s p e n s i o n  s y s t e m .  

e. 

f .  

S e l e c t i o n  of v a c u u m  a n d  C 0 2  s y s t e m s .  

P r e l i m i n a r y  layout  of t h e  cons t an t  a z i m u t h  t ab le .  

4 

g. 
b e a r i n g s .  

P r e l i m i n a r y  d e s i g n  of t h e  p e d e s t a l  a s s e m b l y  a n d  m a i n  h y d r o s t a t i c  

h. P r o v i s i o n a l  layout  of t h e  m a i n  r o t a r y  j o i n t - s l i p  r i n g  package .  

i .  S e l e c t i o n  of t h e  t e l e v i s i o n  camera.  At  t h i s  t i m e  a G r a n g e r  camera 
a n d  a Z o o m a r  l e n s  w e r e  s e l e c t e d .  

J u l y  1965 

T h e  s h a k e r  a n d  its a u x i l i a r y  equ ipmen t  a r r i v e d  d u r i n g  t h e  m o n t h  anc 
w a s  s e t  u p  in  p r e p a r a t i o n  for a p r e - m o d i f i c a t i o n  checkou t .  

Des ign  a c t i v i t i e s  inc luded:  
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a.  Comple t ion  of s h a k e r  d r a w i n g s  

b. E n v i r o n m e n t a l  end  des ign  and layout  i n  p r o g r e s s .  

c .  A z i m u t h  end  d e s i g n  a n d  layout c o m p l e t e .  De ta i l  d r a w i n g  in  p r o g r e s s .  
S l i p  r i n g  a n d  r o t a r y  joint  i n  des ign .  

d. Hub  a n d  p e d e s t a l  d e s i g n  i n  p r o g r e s s .  T h i s  involved  c o n s i d e r a b l e  
d e s i g n  w o r k  in  op t imiz ing  s p a c e  u t i l i za t ion .  

e.  S e l e c t i o n  of s p e e d  r eadou t  equipment  inc luding  t h e  c o u n t e r .  

f .  P r e l i m i n a r y  w o r k  on t h e  c o n t r o l  log ic  a n d  on t h e  s h a k e r  c o m p e n s a t i o n  
e l e c t r o n i c s .  

g .  T e l e v i s i o n  s y s t e m  o r d e r e d .  

h. T e n t a t i v e  loca t ion  of equipment  a n d  u t i l i t i e s  f o r  s u b m i t t a l .  

A ugu s t 19 6 5 

a. T h e  s h a k e r  as r e c e i v e d  w a s  c h e c k e d  out  s a t i s f a c t o r i l y  a n d  mod i f i -  
ca t ion  c o m m e n c e d .  
f o r  d e l i v e r y  d i r e c t  t o  I l u n t s v i l l t .  
t e s t  bed for checkou t  o f  t h e  modif ied shake-r u n d e r  s i m u l a t e d  loading .  

T h e  MB manua l  e q u a l i z a t i o n  s y s t e m  w a s  o r d e r e d  
Some w o r k  w a s  done  in  a r r a n g i n g  a 

b. Des ign  and de ta i l  w o r k  on the e n v i r o n m e n t a l  end  w a s  v i r tua l ly  
comple t ed .  T h e  d i f f icu l t ies  involved i n  a r r a n g i n g  h o s e s  a n d  c a b l e s  t o  a c -  
c o m o d a t t  both pos i t i ons  of the  s h a k e r  t a b l e  w e r e  s a t i s f a c t o r i l y  o v e r c o m e .  

c .  On the  a z i m u t h  cnd  m o s t  de t a i l  d r a w i n g s  w e r e  c o m p l e t e d  but some  de lay  
T h e  6 ft d i s t a n c e  

F i n a l  de t a i l i ng  w a s  
w a s  experiranct.d in  p r o c u r i n g  a s a t i s f a c t o r y  t i m i n g  be l t .  
be tween  c e n t e r s  n e c e s s i t a t e d  a spec ia l ly  s p l i c e d  be l t .  
he ld  u p  unt i l  a s s u r a n c e  could  b e  r e c e l v e d  f r o m  U. S .  R u b b e r  tha t  s u c h  a 
bel t  could be  fu rn i shed .  

d. The  p e d e s t a l  ca l cu la t ions  and  l ayou t  w e r e  c o m p l e t e d  a n d  t h e  de t a i l  
d r a w i n g s  w e r e  s t a r t e d .  
f o r  the r o t o r  i n  i t s  v a r i o u s  m o d e s  of o p e r a t i o n  in  o r d e r  t o  c o m p l e t e  t h e  
des ign  of t h e  m a i n  h y d r o s t a t i c  b e a r i n g s .  

S t a t i c  a n d  dynamic  c a l c u l a t i o n s  w e r e  p e r i o r m e d  

e. F i n a l  s e l e c t i o n  of the  coun te r  a n d  m a g n e t i c  p ickup w a s  m a d e .  A 
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600 !nc?th p r e c i s i o n  g e a r  a n d  m a g n e t i c  p ickup w e r e  c h o s e n  for  F U ! S ~  gene ra t ion .  
I t  w a s  dec ided  to  u s e  two s y n c h r o s  o p e r a t i n g  from 600 tooth  g e a r s  ( a t  t h e  
m a i n  hub a n d  a t  t hc  a z i m u t h  t a b l e  a x i s )  t o  d e t e r m i n e  pos i t i on  i n a c c u r a c y  a t  
t h e  a z i m u t h  t ab le .  

f .  I t  w a s  dec ided  to  u s e  a d i f f e r e n t i a l  p r e s s u r e  g a u g e  be tween  oppos ing  
p a d s  of the  uppe r  h y d r o s t a t i c  b e a r i n g  to  ind ica t e  t h e  d e g r e e  of r o t o r  unba lance .  

g. T h e  s h a k e r  gas compensa t ion  s y s t e m  w a s  d e s i g n e d  a n d  t h e  e l e c t r o n i c  
pos i t i on  c o n t r o l  unit  w a s  “ b r e a d - b o a r d e d ’ ’  f o r  p r e l i m i n a r y  t e s t s .  

h .  S l i p  r i n g  s p e c i f i c a t i o n s  w e r e  w r i t t e n .  Induc tance  a n d  r e s i s t a n c e  of 
t h e  s h a k e r  s l i p  r i n g s  had  t o  be e s p e c i a l l y  low to  avo id  a t t e n u a t i o n  in  s h a k e r  
p e r f o r m a n c e .  

i .  Des ign  of t h e  two h y d r a u l i c  power  un i t s  w a s  in  p r o g r e s s  a n d  t h e  m a j o r  
c o m p o n e n t s  w e r e  s e l e c t e d .  

S e p t e m b e r  1965 

a. A l l  p a r t s  of t h e  s h a k e r  w e r e  c o m p l e t e d  a n d  the  unit w a s  i n  p r o c e s s  
T h e  t e s t  bed  w a s  being r e a d i e d  f o r  s h a k e r  checkout .  of a s s e m b l y .  

b. De ta i l  d r a w i n g s  w e r e  comple t ed  on  t h e  r o t o r  a n d  p a r t s  l i s t s  w e r e  
m a d e ;  b e a r i n g s  a n d  c y l i n d e r s  w e r e  o r d e r e d .  

c .  
c h e c k e d .  

P e d e s t a l  de t a i l  a n d  s u b - a s s e m b l y  d r a w i n g s  w e r e  c o m p l e t e d  a n d  

d.  D e s i g n  a n d  de ta i l i ng  w e r e  c o m p l e t e d  on  the  two h y d r a u l i c  p o w e r  
units a n d  m a j o r  compof ien ts ,  s u c h  as the p u m p s ,  w e r e  o r d e r e d .  

e. 
a n a l y s i s .  

T h e  e l e c t r i c a l  c o n t r o l  s c h e m a t i c  w a s  c o m p l e t e d  as  was t h e  c o n t r o l  
T h e  c o u n t e r  a r r i v e d  in  house  a n d  the  c o n s o l e  p a r t s  w e r e  s e l e c t e d .  

f .  T h e  t h r e e  s l i p  r i n g  a s s e m b l i e s  w e r e  o r d e r e d .  

g .  

h. T h e  piping l ayou t s  w e r e  n e a r i n g  comple t ion .  

T h e  c o n c r e t e  foundat ion  w a s  d e s i g n e d  a n d  d r a w i n g s  w e r e  in  p r o g r e s s .  
i 
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October  1965 

Dur ing  O c t o b e r  a v i s i t  w a s  m a d e  by the  R u c k e r  p r o j e c t  team ( I .  C. Begg 
a n d  W. A. H e n r y )  t o  the  NASA fac i l i t y  a t  H u n t s v i l l e  d u r i n g  wh ich  t i m e  t h e  
p r o j e c t  p r o g r e s s  w a s  r e v i e w e d  a n d ,  i n  p a r t i c u l a r ,  t h e  t e s t  p r o c e d u r e  w a s  
d i s c u s s e d .  

A dev ia t ion  t o  bui ld  a n  a r m  weighing  more  than  4000 lbs  ( f o r  r e a s o n s  
of r i g i d i t y  a n d  a c c u r a c y )  w a s  r e q u e s t e d  and  grantcxd p rov ided  t h e  R u c k e r  
C o .  a s s u m e d  r e s p o n s i b i l i t y  for d a m a g e  to the  bii i lding d u r i n g  in s t a l l a t ion .  

Dur ing  th i s  m e e t i n g ,  t he  l a y o u t  of t he  e n c l o s u r e  roof  w a s  d i s c u s s e d  a n d  
f ina l i zed .  I t  w a s  a g r e e d ,  a t  N A S A ' s  r e q u e s t ,  to c h a n g e  t h e  c o n s o l e  d e s i g n  
f r o m  a n  up r igh t  r a c k  e n c l o s u r e  t o  a lower  double  s e c t i o n  console  wi th  m o r e  
f r o n t a l  area a n d  l e s s  o b s t r u c t i o n  i n  v i s ib i l i t y  of  t he  s h a k e r  a m p l i f i e r  beh ind  
i t .  T h e  t e l e v i s i o n  m o n i t o r  w a s  to b e c o m e  a s e p a r a t e  uni t .  

Dur ing  the  v i s i t  t o  Hun t sv i l l e  con tac t  w a s  m a d e  wi th  l o c a l  c o n t r a c t o r s  
t o  e s t a b l i s h  a b i d d e r s  l i s t  fo r  t h e  in s t a l l a t ion  c o n t r a c t .  

Dur ing  t h e  m o n t h  w o r k  cont inued  o n  a l l  a s p e c t s  of d e s i g n  a n d  p r o c u r e -  
m e n t  though some d e l a y  w a s  e x p e r i e n c e d  i n  r e w o r k i n g  s o m e  of t h e  d r a w i n g s  
a n d  r e - o r d e r i n g  s o m e  of the  c o m p o n e n t s  as a c o n s e q u e n c e  of d e c i s i o n s  m a d e  
a t  t h e  m e e t i n g .  

D e s i g n  of t h e  foundat ion  a n d  e n c l o s u r e  roof  w a s  c o m p l e t e d .  

A l l  m a j o r  c o m p o n e n t s  ( inc luding  a t i m i n g  be l t  f r o m  U. S .  R u b b e r )  w e r e  
o r d e r e d .  

N o v e m b e r  1965 

Dur ing  Novt:mber  t h e  r o t o r  we ldmen t  w a s  c o m p l e t e d  a t  t h e  R u c k e r  p lan t  
r e a d y  f o r  mach in ing  a t  W e s t e r n  G e a r  C o r p .  

T h e  p e d e s t a l  p a r t s  w e r e  be ing  m a n u f a c t u r e d  a t  K e y s t o n e  E n g i n e e r i n g  in  
Los A n g e l e s .  A l l  s p e c i a l  p a r t s  w e r e  o r d e r e d  f r o m  l o c a l  m a n u f a c t u r e r s .  

C o n s i d e r a b l e  d i sappo in tmen t  was e x p e r i e n c e d  i n  t h e  d e l i v e r y  t i m e s  
quoted  by a l l  m a n u f a c t u r e r s .  
t i m e  of t h e  p r o p o s a l .  
by  s e v e r a l  m o n t h s .  

L e a d  t i m e  h a d  g r e a t l y  i n c r e a s e d  s i n c e  t h e  
It  w a s  now a p p a r e n t  t h a t  t h e  p r o j e c t  would  be d e l a y e d  
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Thc. G r a n g e r  t e l e v i s i o n  c a m e r a  w a s  c a n c e l l e d  b e c a u s e  of t h e i r  inabi l i ty  
t o  p r o v i d e  p r o p e r  s u p p o r t  b r a c k e t r y  a n d  a F a i r c h i l d  unit  w a s  o r d e r e d  i n s t e a d .  
T h i s  un i t  is far more c o m p a c t  than t h e  G r a n g e r  a n d  i t s  p e r f o r m a n c e  is  a t  
l e a s t  as  good. 

3 

M r .  K i r b y  of NASA v i s i t ed  . t he  R u c k c r  f ac i l i t y  a t  t h e  end  of N o v e m b e r  t o  
e v a l u a t e  p r o g r e s s  a n d  t o  w i t n e s s  t e s t s  on the  modified s h a k e r ;  which  com- 
m e n c e d  on  Nov. 21st. 

Dur ing  t h e s e  t e s t s  it w a s  found t h a t  t he  o r i g i n a l  e x t r a c t i o n  p u m p  d r i v e  
m o t o r  w a s  inadequa te  f o r  t h e  j o b  a n d  a new unit  w a e  bui l t .  

T h e  mod i f i ed  s h a k e r  w a s  found t o  p e r f o r m  v e r y  wel l  u n d e r  a s i m u l a t e d  
T h e  fol lowing c h a n g e s  w e r e  3000 lbs  load  a p p l i e d  t r a n s v e r s e l y  or  a x i a l l y .  

m a d e  d u r i n g  t h e  t e s t :  

a. T h e  f i l t e r  p r e s s u r e  d r o p  w a s  found t o  be e x c e s s i v e  a n d  a larger  
f i l t e r  w a s  i n s t a l l e d .  

. 
b. T h e  oil had t o  b e  changed  for one  of h i g h e r  v i s c o s i t y .  

c .  Some deve lopmen t  w a s  needed  in e s t a b l i s h i n g  o r i f i c e  s izes  t o  p r o v i d e  
m a x  load  capab i l i t y  wi th  m i n i m u m  flow o v e r  a max t e m p e r a t u r e  r a n g e .  

d .  A modi f i ca t ion  had  t o  b e  m a d e  to a v o i d  s p u r i o u s  v i b r a t i o n  d u e  t o  
oil t u r b u l e n c e  th rough  tht. Grifices. 

e.  T h e  g a s  d i a p h r a g m s  had  t o  be mod i f i ed  t o  e l i m i n a t e  l e a k a g e  a n d  i t  

T h e s e  mod i f i ca t ions  w e r e  in  p r o g r e s s  as t h e  m o n t h  

; 
w a s  found expedient  t o  avo id  o p e r a t i o n  of t h e  d i a p h r a g m s  u n d e r  zero p r e s s u r e  
t o  p ro long  t h e i r  l i fe .  
ended .  

D e c e m b e r  1965 

T h e  m o n t h  w a s  occup ied  i n  m a n u f a c t u r e  of t h e  m a i n  r o t o r ,  p e d e s t a l  and 
o t h e r  m a j o r  p a r t s .  Some d e l a y s  on  t h e  p a r t  of t h e  v e n d o r s .  

Modi f i ca t ions  were m a d e  t o  t h e  shaker a n d  c o n s i d e r a b l e  t e s t i n g  w a s  done .  

P o w e r  un i t s  w e r e  r e a d y  excep t  for  t h e  Den i son  p u m p  w h i c h  was l a t e .  

T h e  c o n t r o l  c o n s o l e  w a s  he ld  up pending  a r r i v a l  of t h e  frames. 

J 
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It  w a s  d e c i d e d  t o  r e - d e s i g n  t h e  a z i m u t h  s l i p  r i n g s  so tha t  t h e  b r u s h e s  
r o d e  on  t h e  t o p  of t h e  r i n g s  i n s t e a d  of on t h e i r  p e r i p h e r y .  
e l e c t r i c a l  n o i s e  due  t o  c y c l i c  v a r i a t i o n s  of b r u s h  p r e s s u r e  i n  t h e  g-f ie ld  
would be avoided .  

In t h i s  way 

J a n u a r y  1966 

T h e  r e q u i r e d  a s s e m b l y  d r a w i n g s  w e r e  s u b m i t t e d  t o  NASA,  12-21-66. 
M i l l e r  & B e r r y ,  Inc .  w e r e  s e l e c t e d  a s  c o n t r a c t o r s  f o r  t he  i d s t a l l a t i o n  a t  
Hunt  s v i  11 e .  

S h a k e r  t e s t s  cont inued  i n t e r m i t t e n t l y  d u r i n g  t h e  m o n t h  a f t e r  d e l a y s  d u e  
t o  m i n o r  mod i f i ca t ions .  

R o t o r  a s s e m b l y  p r o c e e d e d  dur ing  t h e  m o n t h ,  but some de lay  w a s  
e x p e r i e n c e d  due  t o  l a t e  a r r i v a l  o f  s o m e  m a c h i n e d  p a r t s  a n d  s o m e  r e w o r k  
r e q u i r e d  from v e n d o r s .  
t h r o u g h  a m i n u n d e r s t a n d i n g ,  w e r e  m a d e  wi th  t h e  wrong  pi tch.  
p a r t s  w e r e  n e a r i n g  c o m p l e t i o n  a t  Keys tone  a n d  t h e  h y d r a u l i c  p o w e r  u n i t s  
w e r e  be ing  a s s e m b l e d .  

T h e  t iming  be l t  pu l l eys  had  t o  be r e m a d e  b e c a u s e ,  
T h e  p e d e s t a l  

T h e  Den i son  p u m p  had  not y e t  a r r i v e d .  

T h e  c o n t r o l  c o n s o l e  s t i l l  a w a i t e d  t h e  a r r i v a l  of t h e  new frames.  T h e  
s y s t e m  w a s  s i m u l a t e d  on t h e  Analog c o m p u t e r  a n d  t h e  C o m p e n s a t i o n  n e t w o r k  
w a s  des igned .  T h e  t e l e v i s i o n  c a m e r a  a r r i v e d  a n d  w a s  checked  ou t .  

D u r i n g  t h i s  m o n t h  p l a n s  w e r e  made f o r  a t e s t  bed  ai the Rucker  plant 
i n  o r d e r  t o  r u n  t h e  m a c h i n e  at low r p m  t o  c h e c k  t h e  c o n t r o l  o p e r a t i o n .  

F e b r u a r v  1966 

S h a k e r  t e s t i n g  w a s  c o m p l e t e d  a f t e r  a r r i v a l  of t h e  new d i a p h r a g m s  f rom 
T h e  t e s t s  w e r e  e n t i r e l y  s a t i s f a c t o r y  a n d  the  s h a k e r  d e s i g n  w a s  B e l l o f r a m .  

p r o v e d .  

T h e  r o t o r  a s s e m b l y  w a s  v i r tua l ly  c o m p l e t e d  a n d  t h e  e n v i r o n m e n t a l  t a b l e  
t i l t i ng  m e c h a n i s m  w a s  checked .  

T h e  i n n e r  s h e l l  of t h e  e n v i r o n m e n t a l  c h a m b e r  w a s  v a c u u m  t e s t e d  on t h e  
e n v i r o n m e n t a l  t a b l e .  T h e  s u c t i o n  hose w a s  c o n n e c t e d  d i r e c t l y  to  t h e  t a b l e  
in le t  ( n o  r o t a r y  jo in t ) .  
i n  pos i t i on  a n d  2 m i c r o n s  w a s  r e a c h e d  w i t h  t h e  plug i n  p l a c e  of t h e  s h a k e r .  

A v a c u u m  of 8 m i c r o n s  w a s  a c h i e v e d  w i t h  t h e  s h a k e r  
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T h e  o u t e r  s h e l l  w a s  t h e n  a d d e d  to  t h e  c h a m b e r  a n d  the  foarr. i n su la t ion  w a s  

i n s tn i i ed .  

T h e  p e d e s t a l  w a s  a l s o  be ing  a s s e m b l e d  s e p a r a t e l y  from t h e  r o t o r  s o  
tha t  t h e  hub could  be d r i v e n  up  t o  s p e e d  t o  c h e c k  t h e  h y d r o s t a t i c  b e a r i n g  
c h a r a c t e r i s t i c s .  
b e c a u s e  s p e e d  would be l i m i t e d  by  s a f e t y  c o n s i d e r a t i o n .  

T h i s  cou ld  not  be done  in  t h e  p lan t  wi th  t h e  r o t o r  in  p l a c e  

The r o t a r y  jo in t s  w e r e  a s s e m b l e d  but  had  t o  be r e w o r k e d  b e c a u s e  t h e r e  
w a s  too  m u c h  s q u e e z e  on  t h e  sea l ing  r i n g s .  
s e m b l i e s  a r r i v e d  in  house .  
a f t e r  t he  a r r i v a l  of t h e  D e n i s o n  pump.  
c o n s o l e  w a s  a s s e m b l e d .  

T w o  of t h e  t h r e e  s l i p  r i n g  as- 

T h e  c o n s o l e  frame a r r i v e d  a n d  the  
T h e  h y d r a u l i c  p o w e r  uni te  w e r e  c o m p l e t e d  , 

J 

T h e  c o n c r e t e  w a s  p o u r e d  a t  Hun t sv i l l e  a n d  w o r k  c e a s e d  a t  t h e  s i t e  
pending  a r r i v a l  of t he  m a c h i n e .  

M a r c h  1966 

R o t o r  a n d  p e d e s t a l  a s s e m b l i e s  w e r e  ind iv idua l ly  c o m p l e t e .  The power  un i t s  
w e r e  c o m p l e t e d  a n d  t e m p o r a r i l y  piped up  t o  t h e  p e d e s t a l  which  w a s  bol ted  t o  
a s t e e l  b e a m  foundat ion  c r e c t e d  o n  the  s h o p  f loo r .  
c o n n e c t e d  u p  t o  t h e  t a c h o m e t e r  a s s e m b l y  on t h e  p e d e s t a l  a n d  t h e  c o u n t e r  t o  
t h e  m a g n e t i c  p ickup.  
221 rpm ( r e p r e s e n t i n g  100 G ' s ) .  
sa!isfsctori!y and  t h e  t u r n i n g  t o r q u e  a g r e e d  wi th  t h e  d e s i g n  f i g u r e s .  

T h e  c o n t r o l  c o n s o l e  w a s  

T h e  hub w a s  t h e n  r u n  u p  to the  m a x i m u m  s p e e d  of 
T h e  h y d r o s t a t i c  bear ' ings  p e r f o r m e d  

Of c o u r s e ,  a small  c y c l i c  pad  p r e s s u r e  v a r i a t i o n  w a s  r e c o r d e d  due t o  
unavo idab le  ova l i ty  ( t e n t h s  of a thousandth)  i n  t h e  hub  b o r e .  
v a r i a t i o n  i s  h a r m l e s s  a n d  shou ld  be  i g n o r e d  w h e n  e s t i m a t i n g  p r e s s u r e  
v a r i a t i o n  due  t o  r o t o r  unbalance .  

T h i s  p r e s s u r e  

A vis i t  w a s  made a t  t h i s  t i m e  by M e s s r s .  K i r b y  a n d  C o m b s  of t h e  NASA 
f ac i l i t y  a n d  they  w e r e  a b l e  t o  wi tnes s  t h e  p e d e s t a l  t e s t .  

T h e  r o t a r y  j o i n t s  w e r e  p r e s s u r i z e d  a n d  r o t a t e d  o n  t h e  l a the .  T h e y  w e r e  
s a t i s f a c t o r y  and  l e a k  t ight  in a l l  r e s p e c t  excep t  for h igh  p r e s s u r e  n i t r o g e n  
(1000 - 1500 p s i ) .  
s e a l i n g  r i n g s .  
dec ided  to a s s e m b l e  t h e  e n t i r e  m a c h i n e  wi th  t h e  r o t a r y  jo in t  i n  place so  t h a t  
t he  c e n t r i f u g e  s y s t e m s  cou ld  be checked  out. 
s h i p p e d  a n d  e r e c t e d  on  s i t e  wh i l e  t h e  r o t a r y  j o i n t s  w e r e  b e i n g m o d i f i e d  at 

At t h l s  p r e s s u r e  i n t e r m i t t e n t  l e a k a g e  o c c u r e d  p a s t  t h e  
A f t e r  some r e w o r k  the p r o b l e m  w a s  s t i l l  p r e s e n t  a n d  i t  was 

T h e n  t h e  m a c h i n e  c o u l d  be 
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A p r i l  1966 

A p r i l  w a s  o c c u p i e d  f i t h  in t en  ive t e s t i n g  of t he  c o m p l e t e  m a c h i n e  a t  
T h e  r o t o r  w a s  a s s e m b l e d  t o  t h e  hub a n d  t h e  s h a k e r  t o  t h e  R u c k c r  p lan t .  

h e  

r o t o r .  
t h e  r o t o r  so  that  power  could  bc suppl ied  to  the  s h a k e r  whi le  t he  m a c h i n e  w a s  
r (? t at 1 rig. 

T h e  s h a k e r  s k i p  r i n g s  w e r e .  m o u n t e d  o n  a t e m p o r a r y  s p a c e r  a b o v e  

In checking  out the  s h a k v r  in the v e r t i c a l  m o d e  i t  w a s  found tha t  s o m e  
mod i f i ca t ion  had to  be m a d e  in  t h e  e x t r a c t i o n  p u m p  o i l  l i n e s  t o  r e d u c e  p r e s s u r e  
d r o p .  
r o t a r y  j o i n t .  
b e a r i n g  power  unit  in  o r d e r  t o  k e e p  oil t e m p e r a t u r e  be low 100W ( n e c e s s a r y  
t o  avo id  o r i f i c e  t u r b u l e n c e  at t h e  s h a k e r  b e a r i n g s ) .  
w e r e  m a d e  d u r i n g  the  checkout .  T h e  s h a k e r  w a s  a b l e  to  m e e t  i t s  s p e c i f i e d  
p e r f o r m a n c e  in  t h e  v e r t i c a l  modc. with no a p p a r e n t  p o w e r  l o s s  t h r o u g h  t h e  
s l i p  r i n g s ,  T h i s  t e s t ,  c o m b i n e d  with t h e  s h a k e r  1o;iding t e s t s  e a r l i e r ,  con -  
f i r m e d  tha t  t he  s h a k e r  s y s t e m  w a s  adequa te .  

T h e  l i n e s  w e r e  e n l a r g e d  a n d  double  p a s s a g e s  w e r e  u s e d  th rough  the  
I t  w a s  a lso n e c e s s a r y  t o  u s e  a l a r g e r  h e a t  e x c h a n g e r  o n  t h e  

T h e s e  m o d i f i c a t i o n s  

T e s t s  w e r e  t h e n  s t a r t e d  in  the  ho r i zon ta l  m o d e  but  t h e s e  w e r e  un fo r tuna te ly  
ha l t ed  when  t h e  s h a k e r  co i l  p a r t e d  company  wi th  t h e  s h a k e r  a r m a t u r e .  
co i l  i s  expox ied  t o  t h e  m a g n e s i u m  a r m a t u r e  by L ing .  
o c c i ~ r r e d  O R  Tare occasions with s h a k e r s  o p e r a t i n g  u n d e r  s t a n d a r d  cond i t ions .  
L o o s e n e s s  of t h e  co i l  u p p e r  connec t ion  had b e e n  no t i ced  e a r l i e r ,  (before 
load  s i m u l a t i o n  t e s t s  had begun) and  e x t r a  epoxy ( s u p p l i e d  by Ling)  had  b e e n  
added .  
a n d  t h e  a r m a t u r e  r e t u r n e d  t o  W i n c h e s t e r ,  M a s s  for r e p l a c e m e n t  of t h e  co i l .  
T h e  j o b  w a s  w e l l  done  and  t h e  t r o u b l e  i s  un l ike ly  to  r e c u r .  

T h e  
Co i l  s e p a r a t i o n  h a s  

Some d e l a y  w a s  e x p e r i e n c e d  b e c a u s e  t h e  s h a k e r  had t o  be d i s m a n t l e d  

T o w a r d  t h e  end  of t h e  m o n t h  t e s t s  w e r e  c o m p l e t e d  a n d  t h e  m a c h i n e  w a s  
d i s m a n t l e d  r e a d y  fo r  pa in t ing ,  c r a t i n g  a n d  sh ipping  to  t h e  s i t e .  

May  1966 

D u r i n g  May t h e  c e n t r i f u g e  w a s  pa in t ed ,  c r a t e d  a n d  sh ipped  t o  H u n t s v i l l e  
w h e r e  i n s t a l l a t i o n  c o m m e n c e d .  
r e t a i n e d  a t  t h e  R u c k e r  p lan t  for c o m p l e t i o n  b e f o r e  s h i p m e n t .  

T h e  s h a k e r  a n d  t h e  r o t a r y  j o i n t s  w e r e  

T h e  s h a k e r  w a s  r e - a s s e m b l e d  a n d  s h i p p e d  s o o n  a l t e r w a r d s .  
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T h e  r o t a r y  jo in t s  w e r e  pol i shed  a n d  p l a t ed  in  t h e  bores a n d  r e t e s t e d .  
Leakage of h igh  p r e s s u r e  g a s  s t i l l  o c c u r r e d  d e s p i t e  s e v e r a l  f u r t h e r  mod i f i -  
c a t i o n s .  

J u n e  1966 

I n s t a l l a t i o n  of the  m a c h i n e  a t  Hun t sv i l l e  w a s  c o m p l e t e d  as far as p o s s i b l e  
pending  a r r i v a l  of t h e  r o t a r y  jo in t s .  

T h e  r o t a r y  jo in t s  w e r e  mod i f i ed  t o  u s e  3/16" t h i c k  q u a d  r i n g s  i n s t e a d  of 
t h e  118'' o n e s  p r e v i o u s l y  used .  
o n  t h e  s p i n d l e s  a n d  it a l s o  c a u s e d  some d e l a y  wh i l e  t h e  quad  r i n g s  w e r e  
p r o c u r e d .  

T h i s  e n t a i l e d  r e - m a c h i n i n g  a l l  t h e  g r o o v e s  

T h i s  mod i f i ca t ion  made a s igni f icant  i m p r o v e m e n t  in  t h e  h igh  p r e s s u r e  
gas  p a s s a g e s  but i n t e r m i t t e n t  blow-by s t i l l  o c c u r r e d  a t  p r e s s u r e s  o v e r  1200 ps i .  

At  t h i s  s t age ,  s i n c e  only  o n e  g a s  p a s s a g e  c a r r i e d  g a s  a t  o v e r  1000 p s i ,  it 
w a s  d e c i d e d  to c a r r y  t h i s  passage th rough  a small Deub l in  joint  l o c a t e d  on 
t o p  of t h e  s h a k e r  s l i p  r i n g  a s s e m b l y  a n d  t o  e l i m i n a t e  it f r o m  t h e  m a i n  r o t a r y  
jo in t .  
p a r t s  w e r e  m a n u f a c t u r e d  a n d  sh ipped  t o  Hun t sv i l l e  wi th  t h e  r o t a r y  j o i n t s .  
B e c a u s e  of t h e  a i r l i n e  s t r i k e  a t  t h i s  t i m e ,  s h i p m e n t  w a s  r a t h e r  s low.  

A r e d e s i g n  of t h e  s l i p  r i n g  a s s e m b l y  w a s  m a d e  a n d  t h e  n e c e s s a r y  

S o m e  t i m e  w a s  s p e n t  o n  m o d e r n i z i n g  "as built" d r a w i n g s  for submittal  
a n d  w o r k  w a s  csr;.menced o n  wr i t i ng  a n d  a s s e m b l i n g  t h e  i n s t r u c t i o n  m a n u a l .  

J u l v  1966 

I n s t a l l a t i o n  w,as c o m p l e t e d  a f t e r  a r r i v a l  of t h e  r o t a r y  j o i n t s .  A new 
i n s p e c t i o n  d o o r  w a s  a d d e d  a t  t h e  s i d e  of t h e  b e a r i n g  p o w e r  uni t  s i n c e  t h e  
end  d o o r  w a s  not v e r y  a c c e s s i b l e .  Wir ing  a n d  piping w e r e  a l m o s t  c o m p l e t e d .  

T h e  m a c h i n e  b a s e  w a s  g r o u t e d  in p l a c e .  Most of t h e  m a n u a l  r o u g h  
d r a f t  w a s  c o m p l e t e d  a n d  "as built" d r a w i n g s  w e r e  s u b m i t t e d  t o  NASA. 

Augus t  t h r o u g h  N o v e m b e r  1966 . 

T h e  s y s t e m  w a s  c h a r g e d  wi th  oil on November 9th 1966 a n d  checkout of 
t h e  s y s t e m  c o m m e n c e d .  
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B e c a u s e  t h e  m a c h i n e  i s  a s o p h i s t i c a t e d  one  with m a n y  in t e r lock ing  
func t ions ,  qu i te  a n u m b e r  of p r o b l c m s  w e r e  e n c o u n t e r e d  d u r i n g  t h i s  p e r i o d ,  
Modif ica t ions  w e r e  m a d e  in the  f ie ld  by R u c k e r  p e r s o n n e l  as t h e  p r o b l e m s  
a r o s e  s o  tha t  the  checkout  and p e r f o r m a n c e  t e s t  p e r i o d s  canno t  b e  
c h r o n o l o g i c a l l y  s e p a r a t e d .  4 

With the  excep t ion  of two p e r i o d s  (Sep t  9 th  t o  Sept  26th a n d  Oct  28th 
t o  Nov 8 th)  when  R u c k e r  p e r s o n n e l  r e t u r n e d  to Oak land  f o r  new p a r t s  e t c .  , 
checkout  a n d  mod i f i ca t ion  w o r k  cont inued  unt i l  Nov 22nd when  the  m a c h i n e  
w a s  s u b m i t t e d  t o  NASA f o r  a c c e p t a n c e .  
a n d  p r o b l e m s  o v e r c o m e  c a n  best be  l i s t e d  u n d e r  t h e i r  r e s p e c t i v e  head ings .  

H igh l igh t s  of m a c h i n e  p e r f o r m a n c e  



I B e a r i n g  System. 

B a s i c a l l y  t h e  b e a r i n g  s y s t e m  c o n s i s t s  of t h e  m a i n  a x i s  t h r u s t  a n d  
r a d i a l  h y d r o s t a t i c  b e a r i n g s  a n d  the  s h a k e r  h y d r o s t a t i c  b e a r i n g s .  
arp s u p p l i e d  wi th  p r e s s u r i z e d  oi l  f r o m  a c o m m o n  power  unl t .  
a x i s  r a d i a l  b e a r i n g s  c o n s i s t  of 4 pads a p i e c e  p r e s s u r i z e d  f r o m  indiv idua l  
o r i f i c e s  con ta ined  in  a c o m m o n  man i fo ld .  
m e t e r e d  th rough  a flow c o n t r o l  va lve .  
t o  a c o m m o n  s u m p  within t h e  m a c h i n e  p e d e s t a l .  
c e n t r i f u g a l  s u m p  p u m p ,  r e g u l a t e d  by a l eve l  s w i t c h  i n  t h e  s u m p ,  r e t u r n s  
t h e  o i l ,  t h rough  a hea t  c x c h a n g e r ,  to t h e  b e a r i n g  power  unit  r e s e r v o i r  a t  a 
h i g h e r  l eve l .  
joint  a n d  d r a i n  in to  t h e  s h a k e r  body. 
a g e a r  t y p e  h y d r a u l i c  m o t o r  r e t u r n s  the  o i l  t h r o u g h  t h e  r o t a r y  jo in t  a n d  t h e  
same hea t  e x c h a n g e r  t o  t h e  p o w e r  unit r e s e r v o i r .  

Al l  b e a r i n g s  
T h e  m a i n  

Oi l  t o  t h e  t h r u s t  b e a r i n g  i s  
A l l  of t he  m a i n  a x i s  b e a r i n g s  d r a i n  

An e l e c t r i c a l l y  d r i v e n  

T h e  s h a k e r  b e a r i n g s  r e c e i v e  t h e i r  o i l  t h rough  t h e  m a i n  r o t a r y  
A g e a r  t y p e  e x t r a c t i o n  p u m p ,  d r i v e n  by 

T h e  s y s t e m  p e r f o r m e d  as des igned  a n d  had  n o  i n h e r e n t  f au l t s .  H o w e v e r ,  
some m i n o r  f e a t u r e s  w e r e  e n c o u n t e r e d  a n d  a few modi f i ca t ions  w e r e  m a d e .  

T h e s e  w e r e :  

a. A fau l ty  t e m p e r a t u r e  s w i t c h  on  t h e  r e s e r v o i r  a n d  a d a m a g e d  flow 
s w i t c h  had to  b e  r e p l a c e d .  

b. T w o  c o r r e c t i o n s  had t o  be  made due  t o  i n c o r r e c t  piping.  

c .  Wir ing  c o r r e c t i o n s  had to be m a d e  f o r  t h e  s u m p  p u m p  a n d  l e v e l  swi t ch .  

d.  T h e  t i m e  de lay  r e l a y  f o r  the  s u m p  pump w a s  a d j u s t e d  t o  a 4 3  s e c o n d s  
de l ay  in  s t a r t i n g  t h e  pump.  

e .  T h e  t h r u s t  b e a r i n g  flow con t ro l  va lve  w a s  a d j u s t e d  u p w a r d s  t o  c o m p e n s a t e  
for oi l  s h o r t a g e  in  t h e  t h r u s t  b e a r i n g  a t  high s p e e d s  s i n c e  a sudden  i n c r e a s e  
in  b e a r i n g  d r a g  o c c u r r e d  a t  190 r p m .  
c a u s e d  by c e n t r i f u g a l  ac t ion .  
w a s  p r o p e r l y  ba l anced  thc  phvnoniennn d id  not r e c u r .  

T h i s  m a y  h a v e  b e e n  due  to  o i l  l o s s  
Af t e r  t h e  a d j u s t m e n t  w a s  m a d e  a n d  the  r o t o r  

f .  A c r o s s  connec t ion  w a s  m a d e ,  t h r o u g h  check  v a l v e s ,  be tween  t h e  
t h r u s t  b e a r i n g  supp ly  a n d  the  brak ing  s i d c  of t h e  h y d r a u l i c  d r i v i n g  m o t o r s  
s o  t ha t  oi l  could  be  f u r n i s h e d  t o  t h e  t h r u s t  b e a r i n g  shou ld  p o w e r  f a i l u r e  
s h u t  down t h e  b e a r i n g  o i l  p o w e r  unit  wh i l e  t h e  r o t o r  i s  t u r n i n g .  P r o v i s i o n  
w a s  a l s o  m a d e  e l e c t r i c a l l y ,  t h rough  a r e l a y  on  t h e  t a c h o m e t e r  c i r c u i t ,  6 0  

t h a t  o p e r a t i o n  of t h e  b e a r i n g  p o w e r  unit  STOP but ton  (o r  t r i p p i n g  of a n y  
i n t e r l o c k )  would f i r s t  s h u t  down t h e  c e n t r i f u g e  d r i v e  p o w e r  un i t ,  fol lowed 
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by shu t  down of t h e  b c a r i n g  p o w e r  unit  only a f t e r  t h e  m a c h i n e  c o m e s  t o  
r e s t .  
t i m e s  a t  high s p e e d .  
w a y  va lve  w a s  a d d e d  l a t e r  t o  p reven t  loss of b r a k i n g  p r e s s u r e  a t  low s p e e d s  
d u r i n g  n o r m a l  ope ra t ion .  

Both  s y s t e m s  weretestad adequa te ly  when  t h e  power  f a i l e d  s e v e r a l  , 
No b e a r i n g  d a m a g e  r e s u l t e d .  A pilot  o p e r a t e d  fou r  

g .  A ba l l  va lve  w a s  i n s t a l l e d  in the  s h a k e r  supp ly  u n d e r  the  r o t a r y  
jo in t  so  t ha t  t he  l a t t e r  w a s  not p r e s s u r i z e d  u n n e c e s s a r i l y  when the  s h a k e r  
w a s  not in 'opera t ion .  

h .  A c h e c k  va lve  opening to a t m o s p h e r e  w a s  a d d e d  a t  t h e  power  unit  t o  
p r e v e n t  syphoning of o i l  t h rough  the Con t inen ta l  p u m p  t o  the  p e d e s t a l  s u m p  
when  the  s y s t c m  w a s  not in u s e .  

i .  P r e s s u r e  g a u g e s  w e r e  added  a t  t he  m a i n  b e a r i n g  p a d s  a n d  a t  t h e  
t h r u s t  b e a r i n g  supply  to m o n i t o r  bea r ing  a c t i o n .  

j .  A supp ly  p r e s s u r e  d r o p  of a p p r o x  200 p s i  o c c u r s  when  t h e  s h a k e r  
T h i s  i s  p r o b a b l y  e x t r a c t i o n  p u m p  h a s  been  running  f o r  I O  t o  15 m i n u t e s .  

c a u s e d  by a e r a t i o n  o f  t he  oil  r e t u r n i n g  f r o m  t h e  e x t r a c t i o n  p u m p  ( w h i c h  
e x t r a c t s  o i l  a n d  air f r o m  t h e  s h a k e r  body) a n d  r e a c h i n g  t h e  m a i n  p u m p  
s u c t i o n .  
a b o v e  650 t o  700 p s i .  I t  is r e c o m m e n d e d  tha t  t he  o i l  l e v e l  r e m a i n s  h igh  
a n d  tha t  t h e  supp ly  p r e s s u r e  (without  t h e  e x t r a c t i o n  p u m p  running)  is s e t  
a t  1050 p s i .  
r e s u l t  of t h i s  phenomenon.  

T h i s  is not d e t r i m e n t a l  p rovid ing  t h e  s h a k e r  o i l  supp ly  r e m a i n s  

T h e  oil p r e s s u r e  h a s  n e v e r  d r o p p e d  t o  d a n g e r o u s  l e v e l s  as  a 

k .  T h e  heat  e x c h a n g e r  is e n t i r e l y  a d e q u a t e .  O i l  t e m p e r a t u r e  s t a b i l i z e s  
a t  a p p r o x  92W. 

M a i n  D r i v e  S v s t e m  

T h e  d r i v e  s y s t e m  c o n s i s t s  of two V i c k e r s  h y d r a u l i c  m o t o r s  fo rming  par t  
of a c l o s e d  h y d r a u l i c  s y s t e m  s e r v i c e d  by a D e n i s o n  Model  900 s e r v o  control led 
v a r i a b l e  v o l u m e  pump.  Ad jus t ab le  pi lot  o p e r a t e d  r e l i e f  va lves  a r e  used  t o  
c o n t r o l  d r i v i n g  a n d  b r a k i n g  p r e s s u r e .  T h e  s P r v o  p u m p ,  t o g e t h e r  with a 
G r e s e n  m a k e u p  p u m p ,  a r e  d r i v e n  by a c o m m o n  60 H P  e l e c t r i c  induction 
m o t o r .  

S o m e  doubt e x i s t e d ,  p r i o r  t o  checkout ,  t h a t  t h e  unusua l ly  t ight fit of 
t h e  r o t o r  i n  t h e  c i r c u l a r  e n c l o s u r e  would r e q u i r e  m o r e  p o w e r  than  was  
c a l c u l a t e d  a n d  d e s i g n e d  into t h e  s y s t e m  t o  r e a c h  t h e  lOOG s p e e d  of 221 rpm.  
H o w e v e r ,  t h i s  doubt w a s  unfounded in  p r a c t i c e  when  fu l l  s p e e d  w a s  r eached  
wi th  p o w e r  t o  spare. No m o r e  than  75  a m p s  w a s  d r a w n  o n  t h e  m o t o r  which 

I 
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a. A re l ief  va lve  w a s  o r ig ina l ly  i n s t a l l e d  be tween  t h e  two m o t o r s  as 
a m e a n s  f o r  i m p r o v i n g  c o n t r o l  a c c u r a c y  a t  v e r y  s low s p e e d s  by min imiz ing  
b a c k l a s h .  T h i s  v a l v e ,  un fo r tuna te ly ,  c a u s e d  t h e  s e c o n d  m o t o r  t o  c a v i t a t e  
wh i l e  b r a k i n g .  
r e m o v e d  a n d  r ebu i l t .  
t o  a v o i d  a r e c u r r e n c e  of cav i t a t ion .  
not a f f e c t e d  by e l i m i n a t i o n  of the  valvp.  

T h i s  m o t o r  w a s  d a m a g e d  by t h e  cav i t a t ion  a n d  had  to  be  
The i n t e r n a l  p a r t s  of t h e  offending va lve  w e r e  r e m o v e d  

It  w a s  found tha t  c o n t r o l  a c c u r a c y  w a s  

b. In i t i a l  t r o u b l e s  with s t i ck ing  s e r v o  va lves  ind ica t ed  d i r t  i n  t h e  system. 
Al though t h e  p ipework  had been  thoroughly  c l e a n e d  b e f o r e  a n d  d u r i n g  i n s t a l -  
l a t i on ,  t11is w o r k  w a s  r e d o n e ,  t he  s e r v o  va lve  w a s  back  f lu shed  a n d  t h e  
f i l t e r  w a s  changed  t o  a 3 m i c r o n  c l e m e n t .  
s e r v o  p u m p  h a n g e r  c o n t r o l  c y l i n d e r s  w e r e  opened  u p  a n d  found t o  con ta in  
c a s t  i r o n  d u s t  from t h e  o r i g i n a l  m a n u f a c t u r e .  
c l e a n e d  with a l coho l  a n d  a m a n i f o l d  w a s  i n s e r t e d  benea th  t h e  s e r v o  va lve  so  
tha t  its d r a i n  no longe r  c o m m u n i c a t e d  wi th  t h e  p u m p  body.  In  add i t ion  a new 
s e r v o  v a l v e  w a s  ob ta ined  a n d  a f lu sh ing  p l a t e  w a s  m a d e  to  r e p l a c e  t h e  s e r v o  
va lve  wh i l e  t h e  whole  s y s t e m  w a s  f lu shed  out by runn ing  t h e  p u m p  b e f o r e  r e -  
p l ac ing  the  s e r v o  va lve .  
w a s  
t h a t  if t h c  l a t t e r  s t u c k  o p e n  the  p u m p  h a n g e r  could  be b rough t  t o  n e u t r a l  by 
pushing the  KILL biltton a d d e d  t o  t h e  c o n t r o l  conso le .  ( A  m e c h a n i c a l  s t o p  
o r i g i n a l l y  i n s t a l l e d  on t h e  s e r v o  pump c a n  b e  s e t  to p r e v e n t  o v e r s p e e d  from 
a p r e - s e l e c t e d  C l eve l ) .  In the  event  of p o w e r  f a i l u r e  t h e  p u m p  h a n g e r  is 
also u r g e d  t o w a r d  the  n e u t r a l  pos i t ion ;  t h u s  apply ing  t h e  h y d r a u l i c  b r a k e .  . 

When the  t r o u b l e  p e r s i s t e d  t h e  

T h e  c y l i n d e r s  w e r e  thoroughly  

At t h i s  t i m e  a so leno id  o p e r a t e d  f o u r  w a y  va lve  
p a r a l l e l d  ( u s i n g  a p p r o p r i a t e  c h e c k  v a l v e s )  a c r o s s  t h e  servo v a l v e  so 

M e c han  i c a  1 

No t r o u b l e  w a s  e x p e r i e n d  wi th  the m e c h a n i c a l  p a r t s  of t h e  m a c h i n e  wh ich  
performed p r e c i s e l y  as des igned .  S t r u c t u r a l  p a r t s  w e r e  a d e q u a t e  fo r  t h e  
f o r c e s  i m p o s e d  on  t h e m .  
c e n t e r  of g r a v i t y  w a s  15" high,  m o u n t e d  o n  t h e  e n v i r o n m e n t a l  t ab l e .  ) T h e  
m a i n  s p i n d l e  w a s  found to b e  v e r t i c a l  wi th in  t . 00075 ins  p e r  foo t ,  a n d  t h e  
a z i m u t h  t a b l e  w a s  l e v e l l e d  to + .001  inches  p e r  foot .  
found t o  be  out  of r o u n d  by t l</Z i nches  v a r i a t i o n  from t h e  m e a n  c i rc le .  

(Such  as  the  lOOG t e s t  w i th  a 500 lb pay load ,  w h o s e  

- 
The e n c l o s u r e  w a l l  w a s  

A modi f i ca t ion  w a s  made t o  t h e  base p l a t e  a n d  s h r o u d  t o  a c c o m o d a t e  an 

. 
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i'rr(ir i f i  :he  l eng th  of t h e  foundatiu:: bo l t s .  
m r n t a l  c h a m b e r  w e r e  t e s t e d  a t  20G a n d  found t o  be sound.  T h e  b a l a n c e  
wc-ights w e r e  s t r i p p e d  of paint  a n d  p la ted  f o r  a m o r e  p l e a s i n g  a p p e a r a n c e .  

T h e  p!astic c o v e r  and  e n v i r o n -  

D r i v e  C o n t r o l  

T h e  s e r v o  con t ro l  s y s t e m  w a s  , td jus ted  d u r i n g  the  checkout  p e r i o d  t o  
i m p r o v e  a c c u r a c y  and  v l imina tc  in s t ab i l i t y .  
s t a g e  a m p l i f i c a t i o n  wi th  the  f i r s t  stagcx being one  of i n t eg ra t ion  a n d  t h e  
t h i r d  s t a g e  containing a loop aroi ind t h e  p u m p  s e r v o  va lve  wi th  p u m p  h a n g e r  
pos i t i on  f eedback .  Spetbd f eedback  f r o m  a K e a r f o t t  t a c h o m e t e r  c o m p l e t e s  
the  m a i n  loop.  
wi th in  spec i f i ca t ion  b e c a u s e  of t he  high i n e r t i a  d e s i g n e d  in to  t h e  m a c h i n e .  
I t  is 'doubtful whe the r  pit o u t - o f - r o u n d n e s s  h a s  a n y  'effect  on  t h i s .  P e r i o d i c  
s t e p s  in  s p e e d  w e r c  found to  b e  d u e  t o  the  s u m p  p u m p  s t a r t i n g  a n d  s topp ing .  
I n r u s h  c u r r e n t  c a u s e d  t r a n s i e n t  vo l tage  s p i k e s  which  could  not be  c o r r e c t e d  
in s t an t ly .  
c o n s o l e  a n d  t h e  s u m p  p u m p  c e a s e d  to h a v e  a n y  no t i ceab le  e f fec t .  
m o r e  a 60 c p s  d i t h e r  w a s  in t roduced  to t h e  t h i r d  s t a g e  a m p l i f i e r  a n d  t h i s  
e l i m i n a t e d  the  s t e p s  a l t o g e t h e r .  
c h o p p e r  s t a b i l i z e d  a m p l i f i e r  w a s  in s t a l l ed  f o r  t he  f i r s t  s t a g e  i n t e g r a t o r  a n d  
t h e  p o w e r  s u p p l i e s  w e r e  r e n e w e d .  
excep t  for a n  o c c a s i o n a l  s p i k e  in the incoming  110 volt  supp ly .  
i n  s p e e d  due  to t h e s e  t r a n s i e n t s  a re  quick ly  c o m p e n s a t e d  by t h e  s y s t e m .  
T h e  v e r y  s l i gh t  periodic.  s h o r t  tcBrm ( a b o u t  2 m i n u t e  pe r iod )  v a r i a t i o n  s t i l l  
e x i s t ~ r i g  is nnt  s ign i f i can t .  E a r l y  i n  t h e  checkoiit a breaking he!t h a d  d i s -  
e n g a g e d  a n d  d a m a g e d  t h e  t a c h o m e t e r .  
had begun  t o  g a t h e r  s p e e d  a n d  could  only  be  ha l t ed  by s topping  t h e  h y d r a u l i c  
p o w e r  uni t .  
h a n g e r  t o  r e m a i n  open  so  tha t  t he  b r a k e  w a s  not appl ied .  
happening  the  c o n t r o l  c o n s o l e  w a s  mod i f i ed  t o  inc lude  a K I L L  but ton  wi th  
r e l a y s  a n d  a r e s c t  but ton.  T h i s  f e a t u r e  d e - e n e r g i z e d  t h e  s o l e n o i d  va lve  ' _-- 
b y p a s s i n g  t h e  s e r v o  va lve  a n d  r e t u r n e d  t h e  p u m p  h a n g e r  to n e u t r a l ,  t h u s  
app ly ing  the  b r a k e s .  T h e  O F F  swi t ch  w a s  a l s o  changed  to  bleed off t h e  
i n t e g r a t o r  a n d  d i s s i p a t e  t h e  spe'ed c o m m a n d  s o  t h a t ,  i n  t h e  a b s e n c e  of a 
f e e d b a c k  s i g n a l ,  t h e  m a c h i n e  would  s t o p  w h e n  t h e  s w i t c h  is tur 'ned to O F F .  
It  is s t i l l  n e c e s s a r y  to  s e t  t h e  p u m p  m e c h a n i c a l  s t o p  t o  p r e v e n t  t h e  p o s s i b i l i t y  
of o v e r  s p e e d i n g  if no one  i s  p r e s e n t  t o  a p p l y  t h e  b r a k e s .  

T h e  s y s t e m  c o n s i s t s  of t h r e e  

Once  per revolution s p e e d  c h a n g e s  (wow)  w e r e  g e n e r a l l y  

No 6 w i r i n g  w a s  u sed  t o  r e p l a c e  t h e  N o  12 w i r i n g  t o  t h e  c o n t r o l  
F u r t h e r -  

T o  r e f i n e  t h e  s y s t e m  as  far as p o s s i b l e  a 

T h e  t r a n s i e n t  effect  had  a l m o s t  v a n i s h e d  
E x c u r s i o n s  

.~ 

Without  a f eedback  s i g n a l  t he  m a c h i n e  

A l s o  it w a s  found tha t  a s t i c k i n g  s e r v o  va lve  would c a u s e  t h e  p u m p  
T o  a v o i d  6 u c h  a 

' 

S o m e  t r i p s  o c c u r r e d  b e f o r e  t h e  b e a r i n g  unit  t e m p e r a t u r e  s w i t c h ,  t h e  o i l  
low p r e s s u r e  s w i t c h ,  a n d  t h e  w a t e r  f low s w i t c h  w e r e  p r o p e r l y  a d j u s t e d .  
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T h i s  could  only h a v e  b e e n  c a u s e d  by a n  i n s t a n t a n e o u s  i n t e r r u p t i o n  t o  the  110 
vol t  supply .  
or e l s e  a l l  r e l a y s  a n d  s t a r t e r  co i l s  s h o u l d  be of t h e  t i m e  d e l a y  type .  

To  p r e v e n t  t h i s  happening the  power  supp ly  shou ld  be i m p r o v e d  

Dur ing  the  e a r l y  t e s t i n g  t h e  building p o w e r  supp ly  t r i p p e d  on s e v e r a l  o c -  
It  w a s  found tha t  t he  whole bui lding w a s  s u p p l i e d  f r o m  o n e  200 a m p  
T h i s  w a s  mod i f i ed  by  NASA a n d  no  f u r t h e r  t r i p s  o c c u r r e d .  

casions.  
b r e a k e r .  

. 

Speed Readou t  

T h e  c o u n t e r  w o r k e d  s a t i s f a c t o r i l y  f r o m  t h e  m a g n e t i c  p i ckup  d e v i c e .  
T h e  o p t i m u m  g a p  se t t i ng  w a s  found t o  be . 007"- . 008". T h e  c o u n t q r  s e n s i t i v i t y  
w o r k e d  b e s t  a t  t h e  1 volt  RMS se t t ing .  H i g h e r  s e n s i t i v i t i e s  p i cked  up  p u l s e s  
f r o m  t h e  s u r r o u n d i n g s  a n d  i n t e r p r e t e d  t h e n  as e x t r a  t ee th .  
i n s t a l l e d  on  the  m a g n e t i c  p ickup - t a c h o m e t e r  a s s e m b l y  in  t h e  f i e ld  f o r  e a s e  
of r e m o v a l .  

C o n n e c t o r s  w e r e  

A z i m u t h  T a b l e  D r i v e  

T h e  cons t an t  a z i m u t h  t a b l e ,  though s p e c i f i e d  f o r  u s e  up  to  10G's w a s  
o r i g i n a l l y  p l anned  t o  r u n  unloaded  a t  lOOG's t o  avo id  de -c lu t ch ing  t h e  t i m i n g  
be l t  which  d r i v e s  it f r o m  a f ixed  pul ley a t  t h e  c e n t r i f u g e  a x i s .  Be l t  t e n s i o n  
is a d j u s t e d  by two pairs of i d l e r s  moun ted  in  gu ides  a n d  r i d i n g  on left  hand  - 
r i g h t  hand s c r e w s .  T h r e e  b e l t s  w e r e  o r i g i n a l l y  f u r n i s h e d  ( 2  s p a r e s ) .  

When f i r s t  b r ing ing  the  m a c h i n e  up  t o  s p e e d  t h e  be l t  r o d e  up  o v e r  t he  
i d i e r s  a n d  b r o k e  ioose  at i6u rpm. 
got  t a n g l e d  u p  i n  t h e  t a c h o m e t e r  a s s e m b l y .  

On r id ing  o v e r  t h e  i n n e r  pu l ley  t h e  be l t  

I 4 

A l u m i n u m  f l a n g e s  w e r e  made for t h e  i d l e r  pu l l eys  a n d  a new be l t  w a s  
i n s t a l l e d .  T h e  t a c h o m e t e r  w a s  r e p l a c e d  b e f o r e  the  m a c h i n e  w a s  a g a i n  b rough t  I 

u p  t o  s p e e d .  
of d a m a g e  to  the  a z i m u t h  table t a p e r e d  r o l l e r  b e a r i n g s .  
a z i m u t h  t a b l e  it w a s  found tha t  t h e  u p p e r  b e a r i n g  r e t a i n e r  c l e a r a n c e  had  
b e e n  o m i t t e d  a n d  t h e  r e t a i n e r  had been  rubb ing  on  t h e  hous ing .  
a n d  b e a r i n g  c u p  w e r e  a l so  badly  ga l l ed ;  p r o b a b l y  due  t o  c h i p s  g e n e r a t e d  by 
t h e  r e t a i n e r  rubb ing .  
holding a seal r e t a i n e r  in  p l a c e  had been  i n t e r f e r i n g  wi th  t h e  t o p  s u r f a c e  of 
t h e  a l u m i n u m  pul ley .  
g a t h e r e d  a r o u n d  i t .  
had j a m m e d  be tween  t h e  bolt  h e a d  and  t h e  pul ley  c a u s i n g  be l t  b r e a k a g e .  
N e i t h e r  t h e  be l t  n o r  t h e  b e a r i n g  had b e e n  loaded  t b  a n y w h e r e  n e a r  t h e  r a t e d  
l i m i t  u n d e r  n o r m a l  condi t ions .  

At 164 r p m  the  s e c o n d  be l t  b r o k e  c l e a n l y  a n d  t h e r e  w a s  e v i d e n c e  
On d i s m a n t l i n g  t h e  

T h e  r o l l e r s  

In  add i t ion  it w a s  found tha t  t h e  hex  head  s c r e w s  

E a c h  s c r e w  headhad c o l l e c t e d  a l u m p  of a l u m i n u m  
T h e  a s s u m p t i o n  is tha t  t h e  l u m p s  a c t e d  as s p r a g s  a n d  
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T h e  u p p e r  b v a r i n g  a n d  t h e  o i l  s e a l s  w e r e  r e p l a c e d .  T h e  pul ley  w a s  
c l e a n e d  up  a n d  c o u n t e r b o r e d  nylock  s o c k e t  h e a d  s c r e w s  w e r e  u s e d  in  p l a c e  
of t h e  hex  h e a d  s c r e w s  t o  l e a v e  a t  l e a s t  1/8 inch  c l e a r a n c e .  T h e  l a s t  of t h e  
t h r c c  b e l t s  w a s  i n s t a l l e d  a n d  t h e  t ab le  w a s  r e - a s s e m b l e d .  In  add i t ion  a 
s e g m e n t e d  r i n g  w a s  made for d isengaging  t h e  be l t  f r o m  t h e  c e n t e r  pu l l ey  at 
s p e e d s  g r e a t e r  t han  70 r p m  (10G) s o  tha t  no c h a n c e  of b reak ing  t h e  l a s t  be l t  
would  e x i s t .  
be l t  c o m p a r t m e n t  f r o m  the  t a c h o m e t e r  a s s e m b l y .  

A f l ange  w a s  i n s t a l l e d  on  t h e  c e n t e r  pu l l ey  t o  p a r t i t i o n  t h e  

I n b o a r d  a n d  ou tboa rd  s y n c h r o s  w e r e  m o u n t e d  t o  r e c o r d  the  d y n a m i c  
i n s t a n t a n e o u s  ro t a t iona l  d i s p l a c e m e n t  be tween  the  a z i m u t h  t a b l e  a n d  t h e  n i a i n  
a rm.  
pos i t i on  v a r i a t i o n  w a s  wi th in  the  spec i f i ca t ion  of p lus  o r  m i n u s  s i x  m i n u t e s  
o f  a r c  f o r  a ba lanced  load.  
a z i m u t h  t a b l e  w a s  u s e d  to  r e c o r d  any  v a r i a t i o n s  o f  a c c e l e r a t i o n  from a 
t r u e  s i n e  w a v e  in o r d e r  t o  t e s t  fo r  t ab le  osc i l l a t ion .  

A f t e r  m i n i m i z i n g  s y n c h r o  b a c k l a s h  a n d  r u n  out  i t  w a s  found t h a t  t h e  

An  a c c e l e r o m e t e r  m o u n t e d  o n  t h e  e d g e  of t h e  

B a l a n c e  Ind ica to r  

T h e  d i f f e r e n t i a l  p r e s s u r e  g a u g e  connec ted  a c r o s s  oppos ing  b e a r i n g  p a d s  
p e r f o r m e d  w e l l  i n  i t s  func t ion  of ind ica t ing  m a c h i n e  b a l a n c e  ( o r  unba lance ) .  
F o r  t e s t s  in  t h e  2OG r a n g e ,  p r e c i s e  ba lanc ing  i s  not n e c e s s a r y  but f o r  s p e e d s  
o v e r  150 r p m  t h e  m a c h i n e  m u s t  b e  ba l anced  qu i t e  we l l  t o  avo id  b e a r i n g  d r a g .  
B e a r i n g  d r a g  w a s  e x p e r i e n c e d  a t  about  190 r p m  w h e n  a n  a t t e m p  nas made to 
r u n  wi th  qu i t e  a l a r g e  unba lance .  I t  w a s  
found t h a t ,  due  t o  t h e  w e l l  l u b r i c a t e d  b r o n z e  b e a r i n g  m a t e r i a l ,  e v e n  when  
m e t a l l i c  c o n t a c t  d id  o c c u r  t h e  d r a g  w a s  su f f i c i en t  t o  s l o w  m a c h i n e  speed t o  
safe l i m i t s  without  b e a r i n g  d a m a g e  s o  t ha t  a n  i n h e r e n t  s a f e t y  f e a t u r e  e x i s t s .  
A g a u g e  o s c i l l a t i o n  t h a t  o c c u r r e d  a t  190 r p m  w a s  e l i m i n a t e d  by a d j u s t m e n t  
of t h e  n e e d l e  va lves  in  t h e  gauge  l i nes .  

P r o p e r  ba l anc ing  e l i m i n a t e d  t h i s .  

S h a k e r  

T h e  s h a k e r  itself p e r f o r m e d  without t r o u b l e  as des igned .  I t  w a s  t e s t e d  
t i m e  a n d  a g a i n  o v e r  t h e  10-2000 c p s  r a n g e  wi th  20C v ib ra t ion  i m p o s e d  on  a 
100 l b  t e s t  wcight .  T h e s e  t e s t s  w e r e  p e r f o r m e d  in  t h e  h o r i z o n t a l  a n d  
v e r t i c a l  m o d e s ,  with and without  c e n t r i f u g c  r o t a t i o n  up  t o  100 rpm (20Gt) 
a n d  wi th  a n d  without  a v a c u u m  in the  c h a m b e r  u n d e r  a l l  condi t ions .  The 
t e s t  r u n s  w e r e  a l s o  m a d e  a f t e r  pro longed  GO2 i n j ec t ion  in to  t h e  c h a m b e r  
fo l lowed by t h e  c r e a t i o n  of v a c u u m .  
a l s o  i m p o s e d  on  t h e  loaded  s h a k e r  unde r  m o s t  of t h e  a b o v e  cond i t ions .  

R a n d o m  v i b r a t i o n  s p e c t r u m s  w e r e  

Some of t h e  m i n o r  p r o b l e m s  o v e r c o m e  were: 
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a. A n  e r r o r  i n  h o s e  connec t ions  when ins t a l l i ng  t h e  s h a k e r  to t h e  r o t o r  

T h e  h o s e  e n d s  h a v e  
c a u s e d  o i l  t o  e n t e r  t h e  w a t e r  s y s t e m  and w a t e r  t o  e n t e r  t h e  oi l .  
s i t a t e d  a c o m p l e t e  c h a n g e  of oil i n  t h e  b e a r i n g  s y s t e m .  
now b e e n  c o l o r  coded  t o  p r e v e n t  t h i s  happening in  t h e  f u t u r e .  

T h i s  n e c e e -  

b. T h e  check  va lve  connec t ing  t h e  i n t e r i o r  of t h e  s h a k e r  body t o  t h e  
s p a c e  a b o v e  the  a r m a t u r e  w a s  r e m o v e d  a n d  t h e  hole  w a s  p lugged .  T h e  c h e c k  
va lve  w a s  o r i g i n a l l y  p lanned  t o  allow the  e x t r a c t i o n  p u m p  s u c t i o n  t o  p a r t i a l l y  
c o m p e n s a t e  f o r  v a c u u m  above  t h e  a r m a t u r e  a n d  a l low t h e  g a s  c o m p e n s a t i o n  
p r e s s u r e  t o  bc. l o w e r e d  when r e s i s t i n g  both  v a c u u m  a n d  20G a c c e l e r a t i o n  
h o r i z o n t a l l y  on  the  100 l b s  weight .  H o w r v e r ,  wi th  a 3 p s i  s p r i n g  in  t h e  
c h e c k  va lve  t h e  r e s u l t i n g  3 p s i  s u c t i o n  in the  s h a k e r  body d u e  t o  t h e  e x t r a c -  
t i on  p u m p  w a s  suf f ic ien t  ( i n  t h e  a b s e n c e  o f  a v a c u u m  c h a m b e r  above )  t o  
d r a w  t h e  a r m a t u r e  down t o  its l o w e r  o v e r - t r a v e l  s w i t c h  a n d  l e a v e  no r o o m  
f o r  v i b r a t i o n .  
of o i l  in to  t h e  c h a m b e r  when  t h e  vacuum w a s  r e l e a s e d  in  t h e  c h a m b i r  b e f o r e  
the  e x t r a c t i o n  p u m p  w a s  s topped .  A bleed  va lve  o n  t h e  e n d  of a h o s e  w a s  
u s e d  i n s t e a d  of t h e  c h e c k  va lve .  
c o m b i n e d  v ibra t ion  a n d  v a c u u m  a r e  needed o n  a heavy s p e c i m e n  i n  a h igh  
a x i a l  a c c e l e r a t i o n  f ie ld .  

d 

Using a l i g h t e r  s p r i n g  s o l v e d  t h i s  p r o b l e m  but a l l o w e d  l e a k a g e  

T h i s  va lve  wi l l  a l w a y s  be open  u n l e s s  

c. 
b e a r i n g  o i l  p r e s s u r e  w e r e  u n r e l i a b l e  a n d  d id  not l a s t  e l e c t r i c a l l y  o r  h y d r a u -  
l i ca l ly .  
s w i t c h  at t h e  s h a k e r  in l e t .  

T h e  p r e s s u r e  s w i t c h e s  in i t ia l ly  i n s t a l l e d  in  t h e  s h a k e r  t o  m o n i t o r  

T h e s e  have  b e e n  r e p l a c e d  by a s i n g l e  l a r g e  d i a p h r a g m  type  p r e s s u r e  

d. V a c u u m  l e a k a g e  o c c u r r e d  th rough  t h e  t o p  s e a l  f a s t e n i n g  a n d  f r o m  a 
v i r t u a l  l e a k  f r o m  a n  a n n u l u s  u n d e r  the uppe r  t iebol t  w a s h e r .  
s u r f a c e  to t h e  a r m a t u r e  w a s  modi f ied  to u s e  c l a m p i n g  w i r e s  i n s t e a d  of 
s c r e w s  a n d  the  o u t e r  c l a m p  r i n g  w a s  u n d e r c u t  f o r  b e t t e r  s e a l i n g .  T h e  
w a s h e r  w a s  g r o o v e d  t o  a l low e s c a p e  of a i r  f r o m  t h e  a n n u l u s  be tween  i t  a n d  
t h e  t i ebo l t  s e a l i n g  O - r i n g .  

T h e  s e a l i n g  

T h i s  a r r a n g e m e n t  p r o v e d  v a c u u m  t igh t .  

e. In  r e a s s e m b l i n g  t h e  t iebol t  nut a f t e r  t h e  a b o v e  o p e r a t i o n ,  t he  nut 
g a l l e d  o n  t h e  t iebol t  a n d  h a d  t o  be d r i l l e d  off, 
w e r e  d a m a g e d .  
it w a s  d e e m e d  b e t t e r  p r a c t i c e  t o  r e p l a c e  t h e  t iebol t .  
w e e k ' s  d e l a y  a n d  a r e t u r n  t o  Oakland .  T h e  new rod w a s  t i np la t ed  and  g r e a t  
care  w a s  t a k e n  i n  cu t t ing  t h e  t h r e a d s  t o  e l i m i n a t e  b u r r s  and s h a r p  c o r n e r s .  
D u r i n g  t h e  a t t e m p t s  to  r e m o v e  t h e  nut a f t e r  t h e  g a l l i n g ,  t h e  l o w e r  gae 
d i a p h r a g m s  w e r e  d a m a g e d  a n d  h a d  t o  be replaced. 

T w o  t h r e a d s  o n  t h e  t iebol t  

This n e c e s s i t a t e d  a 
Although su f f i c i en t  s t r e n g t h  s t i l l  r e m a i n e d  i n  the  t h r e a d s ,  
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S h a k e r  Sy  s t v r r i  

T h e  s h a k e r  a m p l i f i e r  a n d  f i e ld  supp ly  unit  p e r f o r m e d  s a t i s f a c t o r i l y .  
~ 

T h e  r a n d o m  m a n u a l  e q u a l i z e r  w a s  s e t  u p  a n d  t r i e d  out by the  MB r e p r e s e n t a t i v e .  
T h r e e  o f  t he  c a b l e  p i e c e s  connec t ing  t h e  s h a k e r  t o  the  s l i p  r i n g s  w e r e  r e -  
p l a c e d  b e c a u s e  they  w e r e  a l i t t l e  too s h o r t .  
s o l d e r e d  on to  the  c a b l e s  a f t e r  t h c  c o n n e c t o r  c l a m p  
Some in i t ia l  t r o u b l e  w a s  e n c o u n t e r e d  in  the  a c c e l e r o m e t e r  feedbaFk loop.  
A fau l t  in t h e  s o u r c e  f o l l o w e r ,  which c a u s e d  t r a n s i s t o r s  t o  b u r n  out i n  t h e  
a c c e l e r o m e t e r  n o r m a l i z i n g  a m p l i f i e r ,  w a s  loca ted  a n d  c o r r e c t e d .  In  a d -  
d i t i on  t h e  a c c e l e r o m e t e r  cable a n d  the  feed t h r o u g h  c o n n e c t o r  ( M i c r o d o t )  
w e r e  found t o  be fau l ty .  T h e  c a b l e  w a s  r e p l a c e d  a n d  a s p e c i a l  c o n n e c t o r  
w a s  m a d e  as  a n  i m p r o v e m e n t  o v e r  t h e  Mic rodo t  o n e  which  w a s  no t ,  i n  a n y  
c a s e ,  a v a i l a b l e  f o r  s e v e r a l  m o n t h s .  
m o r e  v a c u u m  t ight  f e a t u r e s  s i n c e  vacuum l e a k a g e  w a s  a l s o  a faul t  of t h e  
old one .  

T h e  f i e ld  c o n n e c t o r s  w e r e  
s c r e w s  p r o v e d  inadequa te .  

T h e  new c o n n e c t o r  w a s  made wi th  

C ool  i ne  W a t e r  S v s  t em 

Wi th  t h e  excep t ion  of a fau l ty  w a t e r  r e g u l a t o r  on  t h e  o r i g i n a l  L i n g  uni t  
( t h i s  w a s  r e p l a c e d )  no t r o u b l e  w a s  e x p e r i e n c e d  wi th  t h e  cool ing  w a t e r  s y s t e m .  
It  w a s  found tha t  t h e  p r e s s u r e  should  b e  s e t  a t  70 p s i  t o  c l o s e  t h e  flow s w i t c h e s  
a n d  t o  open  t h e  b y p a s s  c h e c k  va lve  o n  t h e  r o t o r  when  t h e  s h a k e r  is not i n -  
s t a l l e d .  T h e  s y s t e m  w a s  f lu shed  thoroughly  wi th  r a w  w a t e r  b e f o r e  f i l l ing  
wi th  d i s t i l l e d  w a t e r .  

G a s  S y s t e m  

T h i s  s y s t e m  p e r f o r m e d  w e l l  with no m a j o r  p r o b l e m s .  t h e  20G h o r i z o n t a l  
t e s t  u s e s  a lot  of g a s  a n d  n e c e s s i t a t e s  (as  expec ted )  r e c h a r g i n g  e a c h  t i m e  
t h e  t e s t  i s  r e r u n .  
b e  u s e d  i n s t e a d  of n i t r o g e n  c y l i n d e r s .  
Dt i ib l in  r o t a r y  joint  by modi fy ing  the u p p e r  s l i p  r i n g  a s s e m b l y  ( i n s t e a d  of 
t h r o u g h  t h e  m a i n  r o t a r y  jo in t  w h e r e  it w a s  o r i g i n a l l y  d e s i g n e d ) .  

Even tua l ly  t h e  NASA high p r e s s u r e  n i t r o g e n  s y s t e m  m a y  
T h e  g a s  w a s  r o u t e d  t h r o u g h  t h e  

V a c u u m  S y s t e m  

A f t e r  loca t ing  s e v e r a l  e l u s i v e  l e a k s  t h e  v a c u u m  w a s  even tua l ly  b rough t  
wi th in  t h e  s p e c i f i c a t i o n  of  10 m i c r o n s .  
a t t a c h e d  t o  a blank f l ange  o v e r  t h e  in t ake  hole  i n  t h e  c h a m b e r  f l o o r ,  i t  was  
found tha t  u p  t o  t h i s  point  ( i nc lud lng  t h e  r o t a r y  j o i n t ) ,  t h e  v a c u u m  could  
quick ly  b e  b rough t  down t o  6 m i c r o n s .  
i t  w a s  found  t h a t  t h e  m a i n  l e a k s  occ 'u r r ed  t h r o u g h  t h e  a c c e l e r o m e t e r  

A f t e r  u s ing  a NASA v a c u u m  g a u g e  

Using  the 'p lug  in  p l a c e  of the  s h a k e r  

'I 
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and thermocc.up!e f eed  ?h rough  c o n n e c t o r s .  
w a s  r e p l a c e d  wi th  a s p e c i a l  one  a s s e m b l e d  a n d  pot ted  in  t h e  f i e ld  a n d  t h e  
t h e r m o c o u p l e  c o n n e c t o r  w a s  r e p l a c e d  by a Cannon  g l a s s  s e a l e d  one .  
t h i s  t h e  v a c u u m  (wi th  plug i n s t e a d  of t h e  s h a k e r )  w a s  b rough t  down c o n s i s t e n t l y  
t o  6 m i c r o n s .  
r e p a i r e d  in  t h e  seal as  d i s c u s s e d  b e f o r e .  T h e  c o n n e c t o r  o n  t h e  v a c u u m  
t r a n s d u c e r  w a s  r e p l a c e d  wi th  a f t i g h t e r  one  s i n c e  e r r a t i c  r e a d i n g s  w e r e  
r e g i s t e r e d  d u e  t o  t h e  o r i g i n a l  connec to r  being too  loose .  
v a l v e  in  t h e  v a c u u m  l ine  w a s  r e w i r e d  to  a s e p a r a t e  s w i t c h  o'n t h e  c o n s o l e  
s o  t h a t  t h e  v a c u u m  could  be r e l e a s e d  from t h e  c o n t r o l  conso le .  O i l  i n  t h e  
C 0 2  l i n e  c a u s e d  s o m e  de lay  when  the c h a m b e r  g a s k e t  b e c a m e  o i l  s a t u r a t e d  
a f t e r  i n j ec t ion  of C 0 2 .  

T h e  a c c e l e r o m e t e r  c o n n e c t e r  

A f t e r  

T h e  s h a k e r  w a s  then  i n s t a l l e d  a n d  l e a k s  w e r e  loca ted  a n d  

T h e  so leno id  

T h e  g a s k e t  had  t o  b e  r e n e w e d :  

C 0 2  S y s t e m  

W h e n  f i r s t  t r i e d  o u t ,  o i l  w a s  found in  the  p ipe l ine .  T h e  l i ne  w a s  f lu shed  
out a n d  blown wi th  a i r :  
a l u m i n u m  block  a t t a c h e d  t o  t h e  100 lb s t e e l  weight  w i th  a th in  r u b b e r  w a s h e r  
b e t w e e n  t h e m .  
T h e  s t e e l  b lock  w a s  r a i s e d  on epoxy s t and-o f f s  a b a v e  t h e  s h a k e r  t ab le .  T h e  
t e m p e r a t u r e  d r o p p e d  r a p i d l y  a t  f i r s t  a n d  then  l eve led  off as  Heat flow in to  
t h e  s t e e l  block equa l l ed  hea t  flow into the  a l u m i n u m .  T w o  c y l i n d e r s  of C 0 2  
w e r e  used .  
s t e e l  b lock  apprec iab ly .  
u p  a n d  in su la t ed  t o  b e s t  a d v a n t a g e  fo r  t h e  t e s t  r e q u i r e d .  
b lock  w a s  u s e d  in  t h i s  c a s e  b e c a u s e  it r e p r e s e n t e d  t h e  s p e c i f i e d  m a x i m u m  
load  on  t h e  s h a k e r .  
w a s  a c c e l e r a t e d  t o  20G 's  a n d  combined  a c c e l e r a t i o n ,  v i b r a t i o n ,  v a c u u m  a n d  
c o l d  t e m p e r a t u r e  t e s t s  w e r e  r u n  s a t i s f a c t o r i l y ,  
i n j ec t ing  l iquid C 0 2  p r e v e n t s  i c e  bui ld  u p  on  the  C 0 2  nozz le .  

L iqu id  C 0 2  w a s  s p r a y e d  d i r e c t l y  o n  t o  a s m a l l  

T h e  t h e r m o c o u p l e  w a s  m o u n t e d  on t o p  of t h e  a l u m i n u m  block .  

Much m o r e  would b e  r e q u i r e d  t o  l o w e r  t h e  t e m p e r a t u r e  of t h e  
In a c t u a l  e x p e r i m e n t s  t h e  s p e c i m e n  would b e  s e t  

T h e  100 lb s t e e l  

V a c u u m  w a s  d r a w n  on  t h e  co ld  s p e c i m e n ,  t h e  c e n t r i f u g e  

C r e a t i n g  a v a c u u m  b e f o r e  

R o t a r q  J o i n t  

T h e  r o t a r y  jo in t s  p e r f o r m e d  s a t i s f a c t o r i l y  a f t e r  t h e  high p r e s s u r e  g a s  
w a s  d i v e r t e d  th rough  the  Deubl in  joint .  In p a r t i c u l a r  t he  v a c u u m  p a s s  had  
no d e t e c t a b l e  l e a k a g e  a n d  could  hold 6 m i c r o n s .  T h e  m a i n  r o t a r y  jo in t  kep t  
r e a s o n a b l y  cool  wi th  t h e  w a t e r  p a s s i n g  t h r o u g h  i t .  T h e  a z i m u t h  t a b l e  jo in t  
r e a c h e s  about  13GOF a t  s p e e d s  up  to  70 r p m .  I f  h i g h e r  s p e e d s  ( n o t  r e c o m -  
m e n d e d  b e c a u s e  of t he  be l t )  a r e  u s e d  in  t h e  f u t u r e  t h e  a z i m u t h  r o t a r y  joint  
shou ld  b e  w a t e r  coo led .  

T h e  m a i n  r o t a r y  joint  w a s  d i s m a n t l e d  as a c h e c k  a f t e r  c o n s i d e r a b l e  
runn ing  a n d  t h e  quad  r i n g s  w e r e  found in good condi t ion.  
( o n  p r i n c i p l e )  a n d  t h e  joint  w a s  r e g r e a s e d  a n d  r e a s s e m b l e d .  

T h e y  w e r e  changed .  
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Sl ip  - R i n g s  

B o t h  i n s t r u m e n t a t i o n  s l i p  r i n g s  w e r e  u s e d  i n  s e r i e s  w h e n  r e c o r d i n g  
a c c e l e r o m e t e r  m e a s u r e m e n t s  from the  a z i m u t h  tab le .  
c e s s i v e .  T h e  s h a k e r  s l i p  r i n g s  adequa te ly  c a r r i e d  t h e  s h a k e r  c u r r e n t  wi th  
m i n i m a l  a t tenuat ion .  
c e p t  t h e  Deubl in  r o t a r y  union and  the p ipe  leading  from it. 
p r o b l e m  w a s  e l imina ted  by c a r e f u l  a l ignmen t  a n d  by us ing  a s o f t e r  h o s e  
coupl ing  to  the  cen t r i fuge .  

N o i s e  w a s  not e x -  

T h e  s h a k e r  s l i p  r i n g  a s s e m b l y  w a s  mod i f i ed  t o  a c -  
An i n i t i a l  wobble  

4 

T h e  high f r equency  w a v e  guide  l o s s  w a s  a p p r o x  4 d b  a f t e r  a n  in i t ia l ly  
high r e a d i n g  d u e  to  a fau l ty  connec to r  which  w a s  r e p l a c e d .  

T e l e v i s i o n  S v s t e m  

T h e  t e l ev i s ion  c a m e r a  p rov ided  a v e r y  c l e a r  p i c t u r e  a t  a l l  s p e e d s .  T h e  

T h e  c a b l e  w a s  
cab le  connec t ing  t h e  c a m e r a  t o  t h e  c o n t r o l  unit  w a s  o r i g i n a l l y  too s t i f f .  
c a u s e d  w i r e s  to  b r e a k  a w a y  from the c o n n e c t o r s  w h e n  bent .  
r e m a d e  in  the  f ie ld  us ing  a l o o s e r  cons t ruc t ion .  

T h i s  

D e c e m b e r  1966 

During th i s  m o n t h  t h e  m a n u a l s  w e r e  p r e p a r e d  and  s u b m i t t e d ,  t h e  d r a w i n g s  
w e r e  c o r r e c t e d  and  r e s u b m i t t e d  and t h e  f ina l  r e p o r t  is now p r e s e n t e d .  


